This research was carried out to determine the seed yield and some yield components of two dwarf hybrids as compared to one standard-height sunflower hybrid (Helianthus annuus L.) at different nitrogen rates and planting densities. The study was carried out under natural rainfed conditions at the Thrace Agricultural Research Institute in Edirne-Turkey between 1999 and 2001. The experiments were set up in split-split plots in a randomized complete block design with three replications. The main plot treatments were three different-height sunflower hybrids, DW-1, DW-2, and Trakya-80. The sub plots were three levels of nitrogen, 0, 60, and 120 kg N/ha. The sub-sub plots were three planting densities, 10 × 70 (142,850 plants/ha), 15 × 70 (95,230 plants/ ha), and 20 × 70 cm (71,430 plants/ha). Based on marginal economic analyses, the economically optimal seed yield per hectare was obtained at 50 kg N/ ha for DW-1 and at 80 kg N/ha for DW-2 and Trakya-80. In all three hybrids, increasing plant densities decreased 1000-seed weight, hull percentage, and head diameter but increased test weight in natural rainfed conditions. The highest seed yield in both dwarf hybrids was obtained with the spacing of 15 × 70 cm (95,230 plants/ha). The results of this research show that nitrogen and plant density have significant effects on seed yield and some yield components of different-height sunflower hybrids.
INTRODUCTION
The sunflower (Helianthus annuus L.) is one of the most widely cultivated oil crops in the world. It is also grown widely in the Trakya-Marmara region of Turkey. Turkish farmers use oilseed sunflower varieties of different heights. These different varieties needs different plant densities and nitrogen requirements in order to produce high seed and oil yields per hectare. In particular, early-maturing dwarf and semi-dwarf hybrids used for commercial production have led to a change in plant population, row spacing and fertilizer rate recommendations compared to those used for conventional hybrids. Dwarf hybrids generally perform the best when grown at high plant populations, and they also maintain yield levels better than conventional hybrids when planted on later dates (Majid and Schneiter, 1987; Gubbels and Dedio, 1990; Hussain, 1990; Feoli and Schneiter, 1993; Süzer and Atakişi, 1994; Göksoy and Turan, 1999) . In commercial sunflower production, higher plant populations are recommended for dwarf sunflower hybrids when the grower wants to achieve optimum seed yield performance.
Some advantages of the reduced-height hybrids are high resistance to lodging and easy cultivation and harvesting. Scientific data on the performance and agronomic characteristics of the reduced-height hybrids at different plant populations per hectare is limited. Stand density can influence sunflower grain yields, which depend on three components. These are the number of heads per hectare, number of seeds per head, and 1000-seed weight. The optimum plant population used in various production areas throughout the world shows variation. In some experiments, the results showed that higher seed yields and oil contents were obtained with increasing plant populations (Robinson et al., 1980; Vannozzi and Baldini, 1988) . However, it has also been reported that different plant populations had no effect on seed yield (Prunty, 1983) .
Plant population affects other plant characteristics as well. As plant population is increased from low to high, the flowering stage was delayed, plant height increased, the plants lodged more, and seed size, head and stalk diameter decreased (Vranceanu et al., 1982; Brigham and Young, 1985; Fick et al., 1985; Miller and Hommond, 1989) . The performances of tall, semi-dwarf and dwarf sunflower hybrids are different at various plant populations. The reduced-height sunflower hybrids responded better to high plant populations than the standard and tall hybrids did (Stanojević, 1989; Vannozi and Baldini, 1990; Feoli, 1993; Fick et al., 1985; Johnson, 2002) .
Many fertilizer studies have shown that sunflower responds to fertilizer use. Nitrogen, phosphorus and potassium (NPK) in particular are few of the major nutrients required to significantly increase sunflower yields. Fertilizer application rates in sunflower production vary because of the variable occurrence of NPK in the soil. Nitrogen is a common element limiting sunflower yields (Süzer and Uludere, 1997; Süzer, 1998) .
In the Trakya region of Turkey, some farmers believe that oilseed sunflowers do not require as much fertilizer as the other field crops. Actually, sunflower has an extensive root system that may help in the utilization of residual soil nutrients that have been given to wheat as a rotation crop. According to researches on sunflower production, the N budget/ha in the soil for a 2,000 kg seed crop amounts to 48 kg for the seed, 31 kg for the stover, 3 kg for the roots and 14 kg for the soil microflora -a grand total of about 100 kg N (Robinson, 1978) .
The objectives of this study were to determine the seed yield and some yield components of two dwarf hybrids compared with one standard-height sunflower hybrid at different nitrogen rates and planting densities under natural rainfed conditions.
MATERIALS AND METHODS
This research was conducted between 1999 and 2001 at the Thrace Agricultural Research Institute in Edirne, which is located in the European part of Turkey. The main properties of the soil used in the field experiments are presented in Table  1 . The fertilizer used in the experiment area was in accordance with the results of soil analyses.
Three oilseed-type sunflower hybrids of different height (two dwarf and one standard), DW-1, DW-2, and Trakya-80, were used as the experiment material. The hybrids were developed at the Trakya Agricultural Research Institute in Edirne.
The experiments were established in a split-split plot design in RCBD with three replications. The main plots had sunflower hybrids of three different heights: DW-1, DW-2, and Trakya-80. The sub plots were three different nitrogen rates; 0, 60, and 120 kg N. The sub-sub plots were three different planting densities; 10 × 70 cm (142,850 plants/ha), 15 × 70 cm (95,230 plants/ha) and 20 × 70 cm (71,430 plants/ha).
Plot size at planting was 2.8 × 7.5 m=21.0 m 2 , while plot size at harvesting was 1.4 × 6.9=9.7 m 2 . The fertilizer required for each plot according to the experimental design was broadcast prior to planting manually. The intra-row spacing was 10, 15, and 20 cm, while the rows were spaced 70 cm apart.
The trial was carried out in rotation with wheat. The materials were planted in April. The hills on the plots were over-planted and then thinned to one plant per hill three weeks after sowing. Weed control was accomplished using both chemicals and cultural practices.
Mean values of seed yield, oil content, oil yield, 1000-seed weight, test weight, plant height, head diameter, time to flowering and time to physiological maturity were determined in each plot and analyzed using ANOVA. Regression analysis was applied to find the relationships between fertilizer rates and seed yield and also between fertilizer rates and oil yield (Little and Hills, 1978; Russell, 1986) . 
RESULTS AND DISCUSSION
Presented in Tables 2, 3 , 4, and 5 are the effects of different nitrogen rates and planting densities on seed yield and some yield components of dwarf and standard height sunflower hybrids under natural rainfed conditions between 1999 and 2001. The relationship between the seed yields of DW-1, DW-2 and Trakya-80 and nitrogen rates is shown in Figure 1 . The maximum and economically optimal seed yields of the three sunflower hybrids were calculated from regression equations as a response to fertilizer rates and are given in Table 6 .
As seen in Table 2 , as a main plot, the two dwarf and one standard-height sunflower hybrids affected significantly (p≤0.01 and p≤0.05) the mean oil content, oil yield, 1000-seed weight, test weight, hull percentage, and plant height at three nitrogen rates and planting densities over three study years. In the three-year growing period, standard-height sunflowers outperformed the two dwarf hybrids and gave the highest seed yield (2,266 kg/ha). Feoli et al. (1993) obtained similar results when comparing the agronomic performance of dwarf, semi-dwarf, and conventional-height sunflower hybrids grown at five plant populations under rainfed field conditions in North Dakota, USA.
As seen in Table 3 , as a sub plot, nitrogen rates affected the mean seed yield, oil content, oil yield, test weight, hull percentage, and head diameter of two dwarf and one standard-height sunflower hybrids significantly (p≤0.01 and p≤0.05). Based on three-year growing season data, the nitrogen rate of 60 kg/ha gave the highest mean Arslan (1989) and Süzer (1998) , who conducted studies on nitrogen rates in sunflower under Trakya field conditions.
As seen in Table 4 , as a sub-sub plot, three plant densities affected the mean 1000-seed weight, test weight, hull percentage, and head diameter of two dwarf and one standard-height sunflower hybrids significantly (p≤0.01 and p≤0.05). Based on three-year growing season data, the spacing of 15 × 70 cm, or 95,230 plants per hectare, gave the highest mean seed yield (2,132 kg/ha) of all the plant densities.
As seen in Figure 1 and Table 6 , the correlation coefficient values of DW-1 (R=0.778**), DW-2 (R=0.857**) and Trakya-80 (R=0.833**) were found to be significant. Regression equations for DW-1 (Y=1906.0+4.56 X-0.031 X 2 ), DW-2 (Y=1636.0+11.18 X-0.064 X 2 ) and Trakya-80 (Y=2019.6+8.35 X-0.042 X 2 ) were also found to be significant. Based on marginal economic analyses, the economically optimal seed yield per hectare was obtained at 50 kg N/ha for DW-1 and at 80 kg N/ha for DW-2 and Trakya-80.
In all three hybrids, increasing plant densities decreased 1000-seed weight, hull percentage, and head diameter but increased test weight in natural rainfed conditions. The highest seed yield in both dwarf hybrids was obtained with the spacing of 15 × 70 cm (95,230 plants/ha). As seen in Table 5 , the highest seed yield (2,585 kg/ha) was obtained at 120 kg N/ha and the spacing of 20 × 70 cm (71,430 plants/ha) with the standard-height hybrid Trakya-80. The second highest seed yield (2,231 kg/ha) was obtained at 120 kg N/ha and 15 × 70 cm (95,230 plants/ha) with DW-2. DW-1, however, produced the highest seed yield at 60 kg N/ha and a plant density of 15 × 70 cm (95,230 plants/ha). 
CONCLUSIONS
Nitrogen fertilizer rates increased seed yield, oil content, oil yield, hull percentage and head diameter of three different-height sunflower hybrids in natural rainfed conditions significantly (p≤0.01 and p≤0.05). Regression equations for DW-1 (Y=1906.0+4.56 X-0.031 X 2 ), DW-2 (Y=1636.0+11.18 X -0.064 X 2 ) and Trakya-80 (Y=2019.6+8.35 X-0.042 X 2 ) were found to be significant. Based on marginal economic analyses, the economically optimal seed yield per hectare was obtained at 50 kg N/ha for DW-1 and at 80 kg N/ha for DW-2 and Trakya-80.
In all three hybrids, increasing plant densities decreased 1000-seed weight, hull percentage, and head diameter but increased test weight in natural rainfed conditions.
As a result, the highest seed and oil yields under the rainfed conditions of Edirne in Turkey were produced by the two dwarf hybrids at 15 × 70 cm (95,230 plant/ha). 
